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PURPOSE: A module for monitoring WDM r \/- «sN 

(Wavelength Division Multiplexed) optical channel ; / v jj »j * 
and compensating dispersion, and an optical \t y y . i.^ ;-:. 
amplifier including the same are provided to ) Al ;|» 
decrease the area of hardware and design costs by ; j | j ? • $ 
obtaining the module simultaneously performing !" ':JL\ 
dispersion compensating function and optical -4-^7 t" 
monitoring function by using chirped FBG(Fiber ; iT 7 : - ■ 

Bragg Grating) element. CONSTITUTION: A module r-l± I 

compensates the dispersed and distorted WDM ; ■ ;~ = 

signal according to the corresponding optical I. J 

channel by using one or more chirped FBG element(72-l, 72-2. ..) and monitors by converting the 
optical power information of the compensated optical channel signals to electrical signal. WDM 
amplifier optically amplifies the dispersion compensated signal for long distance transmission, adjusts 
the gain and output power of the amplifier by using the signal channel monitored, removes a noise 
light by the limited band width of each FBG element, and flattens the gain characteristic of whole 
optical amplifier. 
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(43) 2000t!07^05^ 
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(22) f&^Xh 


1998^12^10^ 


(7i) gee" 


AJS**A| yy? <M#§ 679 


(72) srgxi 


37|£ ^£A| 1120 ^gOl-m-g. 1003-1601 


(74)oieiej 









(54) WDM HUl^gSUl Jiltf SfS H§ S! ^ H#g itf»-»5*7| 



S ^§6 nfS-Sf-c|§(Wavelength Division Mltiplexed; WDM) $f *! a 4= Sj fl-El 7|£0fl 5££ 

AH, 4*| aulEiS 7|fe £ gtf 5LH 7 IS* ««atfe figofl tfS 3J0|cK fe £§S 5fU0|&°| *HS£! FBG 

SMS Q7|tiiS aueis £M}. S a^S *F 7lb8 SA|of 4f51fe i^S ^E*II<H S*l SJ ui§ 

ses,- s arae s ass straw wdm ?rs^7ioii 5°sah, b# e iiJii 3r§^5W 

S£6fl oigsfs, 2L.|E)|jS o|§atoi §47|°l o|*2f gs* nwft ssm &!a<H, zf'FBG^xfsi «l 
Of^as 2JSH aiHAiffl 4 ^a^, ^§^7| 3*421 om^AHg jnero-o* FBG4:*f2| bus £ 

Ait SeH^S, 3*11 »5*7|S| om- BBS*, t 4 &W. 



£7 ■ 

£ is »tf a# 7i^-2i 

£ 3S saisi 'etfatf »«#(dcf)» oig& stfa# 7j£2[ ms., 

£ 4fe ftffifl Mala ^(Chirped FBG)±^# 0|g» StfMtf 7|£S| 7H^f£, 

£ 5b §aH2| gS^XH OlS^ ifxH'd SM6|» 7lfi2| 7H§f£, 

£ 6S saisj s ?i*4»s ois& §«H<d ag^g 71^ o( 7»8r£ ( 

£ 7S e a-soii £*n^§ auEHstu s^ms a«si. i^axhm cue ?«£, 
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£ 8S £ 7£| _ HMBi^J SISofcMS AW g^£, 

£ 9£ £ 7« WDM 3f§*7|S| *££, 

£ 10S £ 9SI S£^7|S| «4S|i.j!r# SO^fe i^£§£, 

£llS£9£Hr§^7|£|0|^Se^tr^fiia.2JSM0^fe^aiS.^£, 

£ i2fe e aaofl ccfs auiEig«t a stf*r& s#si 2 _am<hi oi& ?«£oick 

<££ ?2L ¥ff «H cgtf.¥iSI _S> 
71: AHg2i|o|EH 

72- 1-72-N: *1?JS Main ^(Chirped FBG)±A> 

73- l~73-N: _*IS£1 

74: S*D_ au-NU £13. 75-1-75-N: 3TSgS-7| 
76-2~76-N: 7H9 2H+7|PD:3raS7| 



£S?Cf #^fe.7/# ...7 Sci!7is; 
_. gj-gg. E^ggcfg(Wavelength Division Mltiplexed; WDM) S^r Si £151 7|^o« S2h 

£E*h, ft tf as SXHtit SUelS«fjl M#5rte £1# Jtff«KH WDM ir.S*7|«| SOW. 

WDM tf 7^S| ^-a^Ofl A-j£ C|-e I*SSI 9fc!i* C*SSr*KH £H£5l;r 3T**J "o w -l°£ C||0|E| _683r 

-g =iq|& & ^ Sfc eJSD _E| 0|§£|H 2iCh <HBt *fl _°l 2fd3l7|- S^sfir WDM #A|<Hi 

21 AfSfoich 

E£&, WDM »4|<«M _-g89S £7fA|?|7| f|8H*l CrfiSMfe 3f*«_ =f* fcSlHU ^^H-Sl 57 r 
AlsNo|: &cf. 8*Htf £1 _£^£1 §?rA|lJ 3* 7 -t ^nW" _^o| yo-M &43#£| Stfofl s|_- iJ± SH^ 

0| gZttiSC}. CCrBMH, ClSfJ 1 WDM £j# A|^11(H|AH fifcrMtf 7|#«*M SL|E|SI 7|£& 7|££ 0|ft 

**J*<HW _ (dispersion)0|e r tfe #*8<H| t#El CjsWfc *£7 r »BW/H ^7|b ft<H£ {j«f 

S imcf. BtfM4j7»e, o|BJ» S^^Sl gtfsi e!«H ^^iS S^'S: 2«^« M^sf7| ASHAH, S$ S 

fc^aj* ycflfii srfe o4:Ai-w ois«fo^, s^sfe a*« e^-aoi "o^i n&£^ sffe ^oia. 
sis wtf^gjetf fi^7igsi?«£ow. set<9(ii)oi/Hd*s»4.iAfe, S6«i*iej e-sJss^y-sai) 

(Single Mode Fiber ;SMF)S SsH S«« jl. S$A| ejsH 2H^S tisl a^*7| ^Iff gtf S^xf 

(13}» S«ff * «r«fc!B(M)0M asSa. 047IAH, SMF(12)^ etf fi^» »AXr(13)Sl ahs. HFS 4= ?J 

a. 

3«|V|'SLJB1« 7|*0|& O^y ? > ^d5:7^ C^§§^£|0^ SJfe A|^H(WDMA|/iS)Oi|AH x«y «t!a.SI SS(0« 

2jOi, 4= 2J7fl £|D|t^K 0| 7|#€ WDM A|^^oflAH % g§, &B|, S! «|o-( o^ 

£ 2te SJtf sie.1 »«Hti SL-IEHS 7|#£| ¥^£0|cF. IT^S 5§H S^£lb S'uJB]»^j1 ^S WDM &iJ*(21) 
§ oji=is ^§sfo4(22)(^, S^o^fe- S|fo| S£S 2f£l ti±m &z\muiM), "gn^s au^u 
«ffc «£(23)<H| flinch HUeif, 1 US(23)(H|AHt SSS 2| *HyS£| SMI €|%SCK24). 

0| £0) £<Hx|fe 2| xH-^ei SS(24)fc S7| diS 31 £fe ci|, cH¥g£ ^ *«y S| Lfen_H£ SMOia. 
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o\n\, £ 3uixi e 4S »<h saisi BBfiB7iB2i sj srss.sgffa. 

£ 10flA-j£j g_ fi#g S-±xKl3)S.b BBSB Bi^Dispersidn Compensating Fiber; DCF)2| *1SS! B-g# 
Main ^(Chirped fiber Bragg Grating; Chirped F8G)4:X|7|- Sic*. 

£ 3S SaH2| DCF»*»tt SBMB 7|#£| 7HSf£SAH, BB4.IS(3l), SMF(34), DCF(36), S! B^*JB(38)£ 
£ B6£!B(3l)oflA-ifi| 9401 Bfit ijOHMSHAi £§7|b 49 £SS(A 

-A H )(B4!££I ^«m^(32)B2S)B, QB£I7| 0|*jo«b, B2£* 330«AH fib UM 7 J0\, *<HS SHU ^ 

BflcH aid. nau, ££!B2I B±J±§B S# oHxilSJ SMF(34)S SSH SnUlofl ccfel- BBfi| SI'SS °!*H B«£ 
40| fed<HX|7fl _SCKS2tf!4. 35). 0|CC||, SMF2I BB X\4 0 

SMF (ps/nm/km)>00|Cr. OlXJj MttfiB %±*\21 DCF(36)b SIRS BB£(3S)t- SB*l<H yaffil 
(37)# 94>BB(38)oS W|S«t-cK 0|CQ|, DCFfil &tt?i\*r D 

DCF (ps/nm/km)<0O|Jl / I SMF -D SMF + I DCF -D OCF ^0 0|CK<H7|/d, I SMF fe SMFSJ 2JO|, I DCF b DCF2| UO|). 
OlSW, SMF(34)2l DCF(36)2| BBBO| 'O'Ofl 7lB£^t gS£l£«S SIB, 2}^BB(38)0l|AHb aRSlfc BiJ.£S 

£ 4b SeHSl JH«S FBGdiXH 0|gB BBfiB 7|BSl 7HB££Ai, BBfiBaB(41)8 jH^BBfiBS *1SS 
FBG±xK42)2| AHSa|0|6«43)S. ^gfic*. _ 7| *JSS FBG£XK42)b B£#<H|AH 2W(grating)fi A«7!b d| 2J 
<H/H, *lS(chirping)§ ^cH 9421 af_<H| ccFat BA r £|fe B^t SWHM- 38 B?l| IT 4 2W. <* _c|, A . 

,g 2J _£»', A Q 8 BB B£§, A H b BB S^l B>Af3f£3 ._ 4 ftW. 0|2l STOI, BAJ 3£0|| CCFel^ FBG±XKM| 
B?lb BBf 2SS» 4= °J°££, FBG^XhSi _ _ &B SMFfiJ BBB31 BcflBS B£^ SBflR'ft MBS 4 
ojcK 0^7|AH, FBG^Xrb *{X|_ 0|§S|7| Clflbofl fi#_ ^fiL>J£.7r BAfnj- gejj^ ^o-jxl^l SCK MBS B 

£ 40«AH fib Ur2f BO|, Aige«0|EH(43)£l ©tf SJAfS B£b BB SRS AqXH^SI BBJfc£>H, 45-18 A| 

_ B^oWSl SMF SH^H A 0 *Hy°l 2fiJ5.£i S?f o|2., 45-2b ^n^?3<M<H|AH£| WDM 

2H^€| Slil2b AHtaiO|&1(43)oi @y I££ t*M£|(H ^gg FBG±AK42)<H| Slst) Z| fl^SS AHS CfS-BA|- S 

s»'>i*iew, ba^^ e<*M#s aAi AH§aioi^°i ©a us s^s^. fbga^si-b^m^ ck^^ 

(A 

L -A H )0|SJ£I 3fiJ±fe FBGibxh ^x^o| 2t7\ cmgofl ncHS SiJJ-sjrt, a >iS|e^g 47^ ^cf. . 

SXH ^Bfi^§ §±Xh£AH DCF7F At§£JH fJOLf, FBG^X^ 7|# 7H^O| gf£j&Ofl.«et FBG± 

xf?|- *^ Alois, 7P4 ^^oflAH SSB ^§ xfxit 7iqscK *|=oi|& FBG±xf§e«o| g^fi^S 
OlXi £ 5UIX! £ 61 SsH SSHfiJ^'d fiuiEHU 7|«2| i'.^SS ^SBcf. 

£ 5b S2KSI e§4:X|S- olgB ^xdy aM^g 7|^2| 7H§r£0|cf. SMF1 SsM WDM ?f d±(51)S £M . 
B|S'af7l a«*ai(52) / 3 aSS ^AK53)1 oissfo^ 2| xd-d 48«S fiBl«l.\d!cf(A 

z| xH-d ii±(A.-A N )b SUB B/a ^£l7|(optical to electric converter ;.0/E)S StH Q7| 4!i(V 1 ~V N )S SB 
SCt. 0| S7| &SM 0\§SlOi 2f 9*()yo| Al* ga^g 4, o.q}, 0 ^7|A-|, gB^^b £n|^ ^x| 

(Arrayed Waveguide Grating)U, £3 ^xKBulk Grating)2| BS B^ S&i7| A|§Sc|. 

£ 6£ S2B£| S ^n|^(tone frequency)! 0|gB B*fl^ 2u(E|l! 7|^°| 7pf£0|cf. 2T BBiiB(TXl~TXN)<H| 
Ai^*H^fi|B4J±(A 
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.~A N )(S_L , 4 GHzg _±S1 _£ ?nrf fief yg 48 ^n^(f i ~f N )(g ?n^EHf ( 441 

kHz* #8)3. C|C^'(dithering)^CK60). ^ ttd*JB(TXl(A 

.)~TXN (A N ))OJW Z| xtl^fil ?ftl*(A 1 ~A N )2f 8H9 S ?E^(f,~f N )_ ^g2^|(61)# S§H c(§§f£|o-i 
Cf. *H _ eUEiSS flSH SISS W0MiTt!i(63)fc » _ttS(0/E) S=' S7|«l S^S 2§(64)£ Xil3£IH« ^ h S 

l~ f M> 0 ^ *!3#fc S7|d±ft(V 1 ~V N )S. MSd. Ol _7| fc!£(V 

,~v N )b ^ *n _(a. ~a n )si »a«i sa» l^uiss *n^» bai* 4= aw., ow sroi e.^nf ^# oi«» g 

tfS-oiac| Lucent SFSeWDMSdSblolAIAfSSP. 

oitfow tfme seH°l _-__t_-7|ft st 2l|£|?j 7|gg a 7|_o| _o|4j2, iPtSS aisi 37| a. 

s *t*i spi miaofl, zfzjoi ^ga s^o§ ?_£in siati, ^u«i°£. wom 2£&ui<hi ^s-eu &!_■ ^soi 
tK ge, -e oi§°i ?r*H _ hmeis 7i£g &*iofl uish =?tia 2#si =i7i?> axi a?i cm^oi 

*7| m¥<Hi 7>fe5fcf. nyi4, A r «*tte WDM S _i£7> JlS£l<H SaiS «• ?n*4'fr£B' c|cHS£|ow 4fe sg 

efss 2Jsh >+s<Hife xiewe; esoi 



on, was ^7i2i xfl §xflas snstr7i si&foi &es sjasA-i, FBGjfcxm oigsw _ _ a&a _j_s¥e-i 
*t *h _£i §a^s _7iAja.(ser)s _aAiS2s*M, ?fxny au^g 7i* si e_fi# ?i£g saw a 

ay, e sfssi cfe «r*i_ aue^ 7i§ » etffitf 7ist gxw^^sfb as# wdms 3**71 ui¥ 
(hi -axis ses *mi ***£* mi, ^§^7i2i °-wi&e se, cw ss*7isi oi* sea juhi g_ 

if 7i *3s> s _*i-7i as- e _-gei wdm §-*h_§ au^Ssti _ fi#sffe a^s, ai*a wdm 

Site* 3*H_ _£ Btt StiM7\ fl» tB; S! .^7| fttf M^S ztztsi #«8tit!iS| SMS- S7ld 

Af 7 | C( . S axjjfi g^^7| g tf'go| ij-§^7|b, etfos 2H^S WDM SffcUfc* «H9 *H^^S Bif M^#7| 
'JWtt 4=9; S: 1 t. h 7| tftf s^S 2f xH^ijH* §S^o| H|a|«fb S7| ej&sl-fe 4B§ £tt4Dl; 4T7| Btf 
M^S {Ji# 5*404 S7HBI 5J^sm, 4f7| ^ *H^fi| S7| o|S*fo4 aHe^'SHr ^S°S S 



str ass owoiM s a§oi2^ sjow. 

e ass gtf ai^§ as Ai#aioi^(7i), fbg±x^ aH<ye(72-i~72-N), a ^4?hsi b?h#&{ 
(73-i~73-n) ( §*Hys ag^i! 47i §xijy auiEii! ^is(74)s ?-sa^. 

AHfei|0[Ej(71)fe ^IS e^S. aj^Slfc WDM iTd^S tf7| *(Sa FBG^Xf HHttB(72-l~72-N)2S 

S&sUL, ^7| ^Sa FBG±*F HHUB(72-1~72-N)0il 2JbH Stffi^S tf^aj *<2W°\ WDM IftlJtt Cfff.^ft 

^Sa FBG^Xf HH < aB(72-l~72-N)S WDM %t!2.B\ xflti 4 ff&0| WU21IL, A SKtiCX,}^ Sf&a FBG 
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■t^HSJ 13 ?H#^(73-1~73-N)£ z| *HSS FGB(72-1~72-N)°| #B<H| U!l*|£|tf, ZJ- x^'S FBG±*KHI Sltf.tf 
Afg WDM »4J±'fil a«8f<N 7| SAM £U|Ei@ *l£(74)0<| 3»ffCK 

2T*Hy EU^t! 2|£(74)fe #7| aS€! <j££¥6l Z| 9314 Sfift S7| tiff'St*. 

OIOUH, £ 7 Uix| £ 8S & ^A|oj|°| 5^§g tfe&CK 

£ 7S lfi5tS3, gtfSS Sli^S WDM*di(N7|S| *H^%J 3¥, Zf S4W»0| A ...,A N )(78)7*.AHfia|0|El(71) 
o| 0bj j££ ojAffl<M SSI|£! ggoj HtBf-®ti 1SS SiAfScf. 7| AHBa|0|Ej(71)S| ®tt SSOlfe Ntt«H *Hy 
StfS fltt FBG4tXK72-N), N-l«j«H x«y Mtf # fltf FBG£XK72-(N-1)), .... 2tf«H £#8 flff FBG£*J 
(72-2), FBG±xK72-l)7t *1S3£ £MO\S. fcSSWH fcjcK 5E», zt F8G&4SI tf 

Mtf S 7 A *HyS SU«I-7| flff «HS H?H#y(73-N~73-l)7F u|*'|E|<H °,<ch 

A-i§a|0|Ej(71)fi| S§£ BtfaRfi WDMStJAfc N?Hsi 5US-*HSS FBG^XKHI filsH Z| aj 

«*si »tf atrsKH, eh aw sehs Ai§aioiEi(7i)si ©ediss. sisoi-zn*. 01 m, zt FBG±*ife zj7i gs 
s fci±fif tfAM- ^ehs m^#ji uch*i *fly& *Hyg ew seiife ^2Eei± 70121- sra. <hi 

,)S FBG±X|(72-1)(H1AH yA|£|2, *H^2(A 2 )fe FBG±X|-(72-2)oflAH eUJfli, .... *(jyN'-l(A N . 1 )S FBG±xt 
(72-(N-l))©W A*£PL, xH^ N(A n )& FBG4iXK72-N)0flAH tfAfgCf. 

euw gEHs Ai*aoiei(7i)si ®b is<Hi sirs s^m^s wdm sas* *i*aioiei(7i)oi sjsii <m us 
s&eich g# &s&ck etfa^s wdm wg°4 ^*i*tie 7921- im. 

OlXi SL|6|3Mfcft *8#7| ^bHAH, tf7| AHSef|0|E|(71)2F FBG£X|-(72-N)£| * ^ FBG±X> 

(72-(N-l)~72-l)S| AfO|0fl ifUE S3^Sa(72-N~72-l)# §sH BhAfS *|U-£|£fi| iJ¥# 0|fl, gUf 

^•yoi ^£« as u|go| *)&(<HiacH, 1% oM£) a 5H«&<1 Afgs^ =Hs».fiiae 7^*f » ^sei-oi^ 
(splicing)©^ 

g7\ n a^«eH(72-N~72-i)ofl 2i5H ass ^ fbg±akhi sish ews ^*Hy suei« s\s.(ia)s. 

^xfiy Sul&ii,' llSfe, £ 7<HW Mb Uf£f J/Ol, 2t aS4.'i.S ^4?HS| if tj^#7| 

(75-N~75-l)S|- ( Zi- SS »S4JiS¥ej 8H£f xf|y °l iJ^.» Tjtf «7| ^^?HSl 7^e 7|(76- 

N~76-2)£ ¥S€!C[. ^7| Z| «-aa&7|(7S-N~75-l)t aSt!5.#S?i#7|(PD)<HI S|SH SStfol a f 

tis^e! &n<>i aff37is. se-tn^. ^71 zi ^hed ?i^7i(76-N~76-2)fe 2i pd°i ems *hoi^ a hswsi 

^tJ<H| °J& «Hd^ *fo| g# MS5f7| flSW oje? aSTUll Sic*.. . 

£ 8# #£5HS, ltf«H *Hye FBG^xK72-l)S| #B<H! ?|*|*K a?HSe<(73-l)S.¥E| aS.S SiJ2.b, FBG 
±AK72-l)OflAi tf/iS'fc!40|HS ltf«H xH'dCA^oJStl^.OlCK o|A . 

cfSoj; 2ej«H FBG^XK72-2)S| #&ofl BH*«(73-2)£¥Bl BSS ^il±fe, FBG^XK72- 

1)2| FBG±*K72-2)oW Ahfi dAO|H£ ltfaa XltifAj)* 2* Hfl «ja(A 2 )S| ?fi.l^.7F W JLVSifH SJCf. Of^ 
AH, Ol^t »atf»7|(75-2)».»8H H7|t!±S «»A|?ie 1,2^ *Hti&£| »ofl sDS^fe- S7| a*i ^# 
^ 2,'CKV 

«n9«ffc S7it!i» «w« ^ aw 

i+2- v i =v 2 xp 2)- 0|S S7|£!2J atf 7[(76-2)* «H«&a. 
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CWlX|£, NttWI fflff FBG4l^(72-S>fi| #&CHi HW#Bl03-N) £¥6| Sfc!*fc, A 

.,a,,...,a n 2| ^ijioia. oi «ae»7i(75-N)i §sh S7i gewe i,2,...ns *H^ssi'sa^ tf 

oil 8||9«ffe S7|£J2.# 4 jycf(v 

■ of(p +...p )). OlXfl, Stf 7|(76-N)# »8I| 1,2,...N I £3 *8tiftS| «a«?tt<H|/d l,2,...N-lft! SH^S 

sFWS^tfs Ngj *Htf&SI SS^ofl eHS^fe *«» 4 SW(V' 

01^2} SHiofl cq-ei- xfiy^oil sfisfsfte N?i|2|ifQe8!-7|2|-, N-17HSI Hi*7m o|»*KM, 2| *Hyai SS^SJa 

§ a^i^ <M££ «ic*tr t s;a. o^iah, oi-^ss x^om §*7ife « *iftei<>ii sis saw if ses 7isi a 
5 #s^g# atr^7i ss7i&oi s^sis^ss ¥ss sjoiq- . 

£ 9te £ 70flAi7HAia g £#g iSfS WDM if§^7|2| ?g£0|C|-. 

©5^7l(900)fc &7HSI WDM ?fg^7|£AH, WDM2J=M2f£J*ft g^Slte if g^i 10(901), g^9 WDM^ 

2.21 gxHtt£ aUBJS«tal gX|(H| fttf Mtf #7| ft £#(902), Stf Mtffi WDMif*Hy# g 3 Site ifg32 
9(903), #7| ifg^2B(903)2| 0|&# Xl|0-|Slte ifg^7|Xl|<H2|£(904), gj #7| S £#(902)2| 2| if*Hy 
*(o| eH&slte S7|^!JfiL(V 1 ~V N )» C|*I<B eJSSKN fil¥fil *SKHS*|(930)£ Xllgslte tyD\S»¥(90S)£ 

¥£ScK 

£ 9<H|*m &0|, ft H#(902)0| ^§^7| Uf¥<*| ¥^£IS, £ lOOfl £A|S B\$ %0\, g^7|S| ««|*lfe 4 

ES<HI Sa. g, £ 10<HW (a)a-5*HBS| ^^(92)2f (b)S £#2| ft^(93)# H|jiL5l|M<S tf 4 &!£0|, 2f FBG 
±xi2| xl|*)3 cH««°S oi5 H a ttS | & g 3>o| SBWSS, ifg3|7|2| #g *gO| ^OFXfe £2171 S!cf. 

£». if g^7| LH¥<H| te H#(902)0| ¥££lte S¥, *1SS FBG2| £ 7 J teAHofl OfEh S £#ofl 2|SH ggsfTil Site 

e*joi s*h^^s stehxife o!«*kh om se^oi ^g. ifgg7i# ?utt ^e aw. ciai §ms, s. 721 

(701)oflAH M2i bhSf 0|, FBG 2) bH^ e>M<H| EthSh o| SSsfJl Site 13?Hg&iS| 7H4= go| *|o|7h 

U7i cueoich 

£ UOil EAlfi UF2I- 20\, »S^2B(903,£ 9?f5)2| 0|^ ^^Ql 110.1 0^ nBU, 0| 5*7|2| 0|% ^ti 
§ ILSi^O^ FBG2I bH^ teAHl- S«fO^AH g £#(902)21 f"0| 1102 4 &Cf2 tfXK n^S, S*ll if 

S^7l(900)2| f^SA 

t S g^Eli, A N e a-^EJOH 1103 BJ- ^01 0|6* ^y0| SBS» S 

out n 7 J0\, S £## gg^7| U)¥oi| T»t!«fH, N*ny2| gt!- 2H^S WDM »tf S^lf «ff oH-jBf *H 

fiulelSS 3±S o|g§W S^7|2i o|=2f 1^ 1491 2S«o| o|g*f 4= SJfi SOW. 

£ 12te fi-ttB<M| Ofg £ tf«Ofl d}5 §*«y# £l_|EJS,'5U M^fsfte 5f*|2| 2^A|0)|CH| Oj£H ?g£0|Ch. 

te 2^ANb *iss fbg2| gtf ch^^oi o^e^ xny# ^ a.'# ses a* mi #gtr ^ aa. g, ai°4 
omimt-nw LH<m/H £UEif{fhte ¥e# ufe 4 s 

£ 12ft StetfS, e £#S 3£Sft ?>te AH«aiO|E|(l201)SF AHSa|0|E)(1201)2| @t! ISH Z|%f 27«2| 
S^fi^fft flff 2fCH^ FBG4iXK1202 ( 1203)ft i?f&cK §Oj°4 *)?3S FBG±xKl202)te IBM *Hti¥ 

Ei N/2eJ«K *H"d(A 

,~A M/5 )2| etfM^f* ififsm, ifOI^ »isa FBG4:Xf(1203)te N/2+ltf«H *Hti¥ei NBj«H *Hy(A Rj ,, +1 ~A N ) 
2| s¥s#ft gfif^Cf. Cd-efAi, £ 72! FBG UHS0(72-l~72-N)Ofl B|SH g^ StfS St'iSl ^ HSBfS* Si€ *t 
SS FBG&Xfof S|» e^Jft S'W 4 s ?Jte »SO| WCf. 

27H2I AHM FBG 3^(1205,1206)^ tf7| 27H2| FBG±XK 1202, 1203)S.¥^ ^Zf 1£#S xH^aftg 

zf *«<d^S auelB sf7! fl» ^47H2| FBG^XfS ?«gCj. #71 ^^7H2| FBG^XFte g^7|te# USS sfx| a 
£££, x-ISS FBG4:X^ cHtN Wtf tL^|-g£H2| FBG^^f xHS^CK 
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SUEifj U£(1210)ft &7| 2?H£| AIM FBGn^( 1205, 1206) °| 2| FBG4i^S^.E|fi| 8Hcf 
2U&jg t}7| flfct H?| il-^V.-V..)* i=MBcK 0|*ft £. 80flAi gxH^ £u|E^" £|£(74)2t g'iJB 2!2I 

<H| SISH ?tM * 8W. 

3ft FBGiXfSI tfBWife FBGrtXfOfl *H<^ £j*2! oj^s f8S*F7| flff aiftB1(ai£A|)7| UHxISO^ 

m.- 

ft 24IA|0|S| sfgff 1}«*8CK 

fttf 2JSft, fitfaRS WDM§i!&(N*Hy : A,~A N )fe A-jia|0|fH(i201)2| ®«H 1S£ «WB<H is 
£ g^£lH STOW FBG £XKl202, 1203)o« 2|§N fttf MtfSCh g{* MtfS WDM AM gEfl 

Ofl SggMfc 37|£!S.S *l4&Ct. 4IAI3L,. *ISS FBG^Xf(l202)Sl #B<HW flgfi Sllti A 

r A N/2 »6!±0|Ii, FBGAXK 1203)21 #B<H|AH |SS@ *Hti Aj~A N %tl2.0\#. 

AHM FBG3§( 1205)8 2| V A N/2 *W BA^7| ?IB **7||fij FBG^XW tt9£|<H o'o 

CH, =L FBG^Xf Sf&O^AH BAM! ^yg'USSKH ^*Hy HUEjai s|£(1210)£ SIIS&CK 

Oilmen, A^yS FBG^XM o|s H BAf£|(H *J£fe.«|tf| Aj U^S-OlIl, A 2 *Hyg FBG^XfOf 2|8H BAfSKH 

. HSS *Hy A 1# A 2 StftU, A N/2 xliyg FBGS^XKHI SjSfl ^AfEjO-f iJSfc *Htf 

A 1 ,A 2 ,...,A N/2 »di*a | fi£ffff^. 

AHS FBGa#(1206)ft -H— FBGag(1205)2f §SJB 5>°Q} g-gJsf 7fl SfgBch ^, 2^ «|g A 

n/2+i~ a n *W =l FBG±*k V&om BWS xHyt C9««HN ^siti aUiHU £l£(1210)£ fll 

aU&i?, 1 £|S(l210)cH|AHft £ 8<WM fclSS &0|, ^S^SJf g7|<j<fcfi| aj-Sh fl€€j 

a7i6>as tf&ec*. aes &7i iis.7j ^s?hsj ^^01 trss s<hs s^cnit, tmsi ^sb 
ft tfse.tf7W 7i^a ^Aio^oii sign ©ssixi gtji, &y^§ofl £i«H-cf-^r& a> ^g* 7w» ^ &j°bi, 

olfe S?»<H/d S2|£lfeft £§£1 ?|X|2J a«<Hi JtffSCj. 



oii^jAH #11^ sf £o|, ft gofl a}ft x^'S fbg ±xn oissfois^ 7|g 3! #xflti £g^n 7|fe# 
SAN ^Ssfft £&S ^S&SSAM, a Sf=9l|oi gi 4(7)1 b|g ^goflAH £Qo| ?Jcf. 

5£S, SS^7|2| tftfOfl if7| ^ 7|§g ft 3§ft £g X^O| 7ffesfH, 0|# §§^7| L«<H| 

4= yssi, Jl^s WDM #§*_7| 7Htt<HI g§S ^ fflcj . 



7flCf7K ft SI -I S&& ^§^71^ 2| FBG4:X^| cH^^og. Ojgj xfggf X<|7HA|S SJHSM 

ft 2§§ ?rs^7ife, ^s^7i xfxfloj o|E^^g ne^foi fbg^xfsi tJHsi ^Ais sai^s, 
a«ir«^7isiow^«t*B#»4» ?^&^£.a.'^. 
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{S7 . 

SirassiRg WDM M4M?I W.*B; Sf 

& 2£tf*rb SJS sffe WDM ^fxli^g aulEJS^ja MM a#*H* aft. 

ai i 'troi sjow, #71 e# 4es tie sf*H£si m#*km e>Aw geas. #3«tb 5!s-«*§as. tfe 

xfl 2 tfo| flow, #7| Mtf Mtf 

SttflRS WDM^4jaL« ^4?HSI ^SS FBG ±43. a««U f #71 A|-'nj Xl|g£lfc #7| Stffi 

WDM2J ilSl 7| /HftE|0|6|# Stmfe 5Jft *8£S sfc WDM ^sH^ft aulNStfjl g^t St$ 

-30| 3 tfofl SJOUH, #7| ^^7HS| *JgS FBG ±4fc WDM 2J£!3L°I xti^ 4ErSO| 313 <2jS£JoH ?£!Elir 2J§ % 

gas fife wdm Sflltift SL|EHS*Kn. gttft Mtf s*fe a*. 

XI 3 »<H &|oW, 71 IWrf aul^U ^BS #7| S7|^iS7h £ 7H2j o| ^g^ffs SL^V 3*. *S *Htf 
SI IrQ^er ft ^§*|7| flsH SH9 £cM7| flth **'7|SI Btf 7|» iff #te 3ft ^S2£ #fc WDM 

Sr^sa^Nswaetfft a#*i-fc.aft. 

■SI 4 ft-ofl °MM, tf7| 3r*f)y £l|b|ii 4Er& ft7l *47H°I fbg±x|°I ^&«hi «]£KH, ews ii 
¥# USSR? ^^?H£| SWft&l; 9.' 

#7| eg^g ft(J£g _ 71*1* 3 2f2{\g#S^ ^7HS| ftfitf »7|1.EH £tmfe 2ft fSS£ shfe WDM S"*H 

y« aUEjfjtts gtfft £#5Rr as. 

«| 6 »o( fcioW, S*H^ aqelU *Bfi 7| n^7HS| fSHSBM °|& £4! SJ tf7| M^7Hai 2T3B&7ISI 
zt7| cFfi sg^§ a4T#7| ^H*» 7^ SxJStai rul^b ^§°£ Sfe WDM ^*H«ri* aU&l 

xj| i gofl a<HJH, 71 B-tf 4&fr fitf a^S ^47H5J WDM^*H^S Btf SLtfV 4= ?J« yg gt* 
cH^t ?>b «tM-o|^s| soi^ x-iss fbg ±xn- 5Jg *Sas wdm S-xH-di- auiejawj! g 

6fg aft. 

SI 8 »o| BOW. #7) »*Htf fiUEIB *&e, 

tf7| SH40|^fi| §0)^ FBG^Xfofl 2|5j) £^gW^7H£| tt^fl- fiEHS x-)|g^oh 2|.2|a| 
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3«H'dtt£ fiSWfc smoitf s| gal af; #7\ «H4o|tfS| &s| nfg *msi *g af'4=7«£| 

f»g ^foi.sjaaaao^^am; 

tf7| s^Hsl FBG £tf#ofl £|sH HWS d£Sl ^'¥1- ISgSffc **4'I!S| 

^EhS *g*pi ^sh shs- Q7id±s a-i+ttc ^bs s» sfb 5§ss. *f& wdm g-*ny§ su&^stz . 
x» io ifofl aioui #7i zt n^9\ 27! caei- #7i #s#7isi s^oifire «i(H«ffe ^es a aflw&i, sai 

ifSS*7|S| 0|E A|?|b 2§ frfe^S^7|. 

n\ iOtMl 2MM, &7\ &{i smo|^£| ^ S jflyg g# M6f«t<H ejxW gens t^Stfe **?HSI 

FBG £3£|CH, 

Zf FBG^^oj ££&CH| CO-Bh Zf *KrfS|-tfSJ.£4!fi| *K>|§ ZES 7^#£* § ^S°£ 5+£ 

*7j. 

.£2? '. 
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